In the framework of the topcolor-assisted technicolor (T C2) model and the littlest Higgs model with T -parity (LHT model), we consider the rare B decays B → M νν with M = π, K, ρ, or K * . We find that the contributions of the T C2 model to the branching ratios of these decay processes are larger than those for the LHT model. The experimental upper limits for some branching ratios can give severe constraints on the free parameters of the T C2 model.
Introduction
B physics plays an important role in testing the standard model (SM) and B decays are sensitive to new physics beyond the SM [1] . A large number of B mesons is produced in B factories, such as Belle and BaBar experiments. Recently, there has been significant experimental improvement in measurements of the flavor changing neutral current (F CNC) processes related to B mesons at B factories and Tevatron. B physics is entering the era of precision measurement, which is not far from possibly revealing new physics. Rare B decays, which are mediated by F CNCs, are good places for new physics to enter through exchange of new particles at the loop level or through new interactions at the tree level. Thus, studying rare B decays in some specific new physics models is very interesting and needed.
The rare B decays B → Mνν with M = π, K, ρ, or K * belong to the theoretically cleanest decays in the field of F CNC processes, due to the absence of photonic penguin contributions and strong suppression of light quark contributions. Since they are significantly suppressed by the loop momentum and off-diagonal Cabibbo-Kobayashi-Maskawa (CKM) matrix-elements in the SM and their long-distance contributions are generally subleading, these rare decay processes are considered as excellent probes of new physics beyond the SM. This fact has lead to lot of works for studying the contributions of some popular new physics models to the rare decays B → Mνν in Refs. [2, 3, 4] .
In spite of the above theoretical advantages, experimental search of the rare decays B → Mνν is a hard task. However, with the advent of Super-B facilities [5] , the prospects of measuring the branching ratios of the rare decay processes B → Mνν in the next decade are possible and it seems appropriate to further study these decays in order to motivate more experimental efforts to measure their branching ratios and related observables. So, in this paper, we reconsider these rare decays processes in the context of the topcolorassisted technicolor (T C2) model [6] and the littlest Higgs model [7, 8] with T parity (called LHT model) [9] . Our numerical results show that these two kinds of popular new physics models can indeed give significant contributions to these rare B decay processes and the current experimental limits for some of these processes can put severe constraints on the free parameters of the T C2 model. Furthermore, in the context of the T C2 model, we consider that the contributions of the nonuniversal gauge boson Z ′ to the quark level transition processes b → sl + l − are correlated with those for the quark level transition processes b → sνν and recalculate the contributions of Z ′ to the rare decay processes B → Mνν. We also compare our numerical results with those obtained in Ref. [4] .
In the rest of this paper, we will give our results in detail. After briefly summarizing the essential features of the T C2 model, we calculate the contributions of the new particles predicted by this model to the rare B decays B → Mνν with M = π, K, ρ, K * in section 2. To compare our results obtained in the context of the T C2 model with those of the LHT model, the branching ratios of these decay processes contributed by the LHT model are estimated in section 3 by using the results of Refs. [10, 11] . Our conclusions are given in section 4.
The T C2 model and the rare decays B → Mνν
In the T C2 model [6] , topcolor interactions, which are not flavor-universal and mainly couple to the third generation fermions, generally generate small contributions to electroweak symmetry breaking (EW SB) and give rise to the main part of the top quark mass. Thus, the nonuniversal gauge boson Z ′ has large Yukawa couplings to the third generation fermions. Such features can result in large tree level flavor changing (F C) couplings of the nonuniversal gauge boson Z ′ to ordinary fermions when one writes the interaction in the fermion mass eigen-basis.
The flavor diagonal (F D) couplings of the nonuniversal gauge boson Z ′ to ordinary fermions, which are related to our calculation, can be written as [6, 12, 13] :
where K 1 is the coupling constant, θ ′ is the mixing angle with tan
, and g 1 is the ordinary hypercharge gauge coupling constant.
The F C couplings of the nonuniversal gauge boson Z ′ to down-type quarks, i.e. Z ′ bd j with j = s or d, can be written as [13] :
where D L and D R are matrices which rotate the down-type left-and right-handed quarks from the quark field to mass eigen-basis, respectively. In these diagrams, the Goldstone boson φ is introduced by the 't Hooft-Feynman gauge, which can cancel the divergence in self-energy diagrams.
The effective Hamiltonian for the transition b → d j ν iνi (j = s, d and i = e, µ, τ ) can be written as [14] :
represent the left-(right-) handed operators and the corresponding coefficients, respectively. By the way, these operators and coefficients are defined with opposite signs w.r.t. those in Ref. [4] . In the SM, the processes b → d j ν iνi proceed via W box and Z penguin diagrams, therefore only purely left-handed currentsbγ
are present. The corresponding left-handed coefficient reads
where G F is the Fermi constant, α e is the fine structure constant, θ w is the Weinberg angle, and V ij is the CKM matrix element. The SM Inami-Lim function X(x t ) [15] is dominated by the short distance dynamics associated with top quark exchange. O R is one new right-handed operator induced by new physics effects with C ν R only receiving contributions from new physics beyond the SM.
It is obvious that the nonuniversal gauge boson Z ′ predicted by the T C2 model can give corrections to the coefficient C ν L,SM via both the penguin and tree level diagrams, while it can give contributions to the coefficient C ν R only via the tree level diagram. From the Feynman diagrams given in Fig.1 , we can obtain the corresponding coefficients in Eq.(3) contributed by Z ′ . For ν i = ν e and ν µ , their expression forms can be written as:
Here
and g = √ 4πK 1 . Using the method given in Ref. [15] , we can calculate the functions C a (x t ), C b (x t ) and C c (x t ) in the framework of the T C2 model. C a (x t ) is obtained from the penguin diagrams Fig.1 The decay amplitudes of the exclusive semi-leptonic decay processes B → Mνν(M = π, K, ρ, K * ) can be obtained after evaluating matrix elements of the quark operators given in Eq. (3) between the initial |B > and final |M > states. The hadronic matrix elements for B → P decay (P is a pseudoscalar meson, π or K) can be parameterized in terms of
as [2, 3, 4, 16] :
where the factor c P accounts for flavor content of particles (c P = √ 2 for π 0 and c P = 1
, its hadronic matrix elements can be written in terms of five form factors:
with
where
The form factors f P + (s B ) and f P 0 (s B ) given in Ref. [17] are valid in the full physical range 0 ≤ s B ≤ (1 − m P ) 2 . So we will use the form factors given in Ref. [17] to estimate the branching ratio of the decay process B → P νν, which are same as those used in Ref. [4] . While for the form factors V (s B ), A 1 (s B ), and A 2 (s B ), we will use those given by
Ref. [18] , which is same as the form factors (set C) used in Ref. [4] . It has been shown [4] that the differential branching ratio for the decay process B → K * νν is similar for sets A and B, there is a difference of about 25% relative to the results obtained from set C.
Certainly, this conclusion also applies to our paper. The detailed expressions of the form factors f P i and A i are listed in Appendix. The di-neutrino invariant mass distributions for the decay processes B → P νν and B → V νν can be written as:
, and λ P is similar to λ V by changing V to P . To obtain numerical results, we need to specify the relevant SM parameters. Most of these input parameters have been shown in Table 1 . It is obvious that, except these SM input parameters, the branching ratio Br(B → Mνν) is dependent on the model dependent parameters M Z ′ and K 1 . The lower limits on the mass parameter M Z ′ predicted by the topcolor scenario can be obtained via studying its effects on various observables, which have been precisely measured in the high energy collider experiments [12] . The most severe constraints come from the precision electroweak data, which demand that the Z ′ mass M Z ′ must be larger than 1T eV [20] . The vacuum tilting, the constraints from Z-pole physics, and U(1) triviality require K 1 ≤ 1 [21] . Thus, in our numerical Table 1 : Numerical inputs used in our analysis. Unless explicitly specified, they are taken from the Particle Data Group [19] .
calculation, we will take them as free parameters and assume that they are in the ranges
The values (in units of 10 −6 ) of the branching ratios for the semi-leptonic decays Table 2 for the coupling parameter K 1 = 0.4 (the first line of every row) and 0.8 (the second line of every row). The second and third columns in Table 2 model can indeed generate significant contributions to these F CNC decay processes. The values of their branching ratios are sensitive to the free parameters M Z ′ and K 1 . In most of the parameter space, the contributions of Z ′ to the F CNC decay processes B → V νν are larger than those for the F CNC decay processes B → P νν, which is easily apprehended from Eqs. (12) and (13) and the relevant couplings of the nonuniversal gauge boson Z ′ with quarks given in Eqs. (1) and (2) . In wide range of the parameter space, the new gauge boson Z ′ can make the values of the branching ratio Br(B → V νν) exceed the corresponding experimental upper limit. Table 2 : The values (in units of 10 −6 ) of the branching ratios for the semi-leptonic decays 
To see whether the present experimental upper limit for the branching ratio Br(B → V νν) can give constraints on the free parameters of the T C2 model, we let that its value equals to the corresponding experimental upper limit, and plot the mass parameter M Z ′ as a function of the coupling parameter K 1 in Fig.2 , in which the solid line, dotted line, and dashed line denote the F CNC decay processes B
. From this figure, we can see that the present experimental upper limits of these F CNC decay processes can indeed give severe constraints on the relevant free parameters. The constraints coming from the F CNC decay process B + u → K * + ν τντ is the strongest, which demands that if we desire M Z ′ ≤ 2 TeV, there must be
The presence of the physical scalars, the top-pions π 0,± t and the top-Higgs boson h 0 t , in the low energy spectrum is an inevitable feature of the topcolor scenario, regardless of the dynamics responsible for EW SB and other quark masses [12] . These new particles treat the third generation fermions differently from those in the first and second generation fermions and thus can lead to the tree level F C couplings to ordinary fermions. So they can also generate contributions to some F CNC processes. In the context of the T C2 model, the couplings of the charged top-pions π ± t to ordinary fermions, which are related to our calculation, can be written as [6, 13, 22] :
GeV is the top-pion decay constant. K U R and K DL are rotation matrices that diagonalize the up-quark and downquark mass matrices M U and M D , i.e., K
To yield a realistic form of the CKM matrix V , it has been shown that the values of the coupling parameters can be taken as [22] :
In numerical estimation, we will take K tc U R = √ 2ε − ε 2 and assume that the value of the free parameter ε is in the range of 0.03 − 0.1.
The charged top-pions π ± t can contribute to the quark level transition b → d j νν(j = s, d) via the penguin diagrams, as shown in Fig.3 . However, the F C coupling π 
The LHT model and the rare decays B → Mνν
Little Higgs theory [8] was proposed as an alternative solution to the hierarchy problem of the SM, which provides a possible kind of the EW SB mechanism accomplished by a naturally light Higgs boson. In matter content, the littlest Higgs (LH) model [7] is the most economical little Higgs model discussed in the literature, which has almost all of the essential feature of the little Higgs models. In order to make this model consistent with electroweak precision tests and simultaneously having the new particles of this model in the reach of the LHC, a discrete symmetry, T-parity, has been introduced, which forms the LHT model [9] . This new physics model is one of the attractive little Higgs models.
In which, all the SM particles are even and among the new particles only a heavy 2/3 charged T quark belongs to the even sector.
A consistent implementation of T-parity also requires the introduction of mirror fermions -one for each quark and lepton species [9, 25] . The masses of the T-odd fermions can be written in a unified manner: The corresponding matrices in the up quark (V Hu ) and neutrino (V Hν ) sectors are obtained by means of the relations [9, 26] :
where the CKM matrix V CKM is defined through flavor mixing in the down-type quark sector, while the P MNS matrix V P M N S is defined through neutrino mixing.
The details of the LHT model as well as the particle spectrum, Feynman rules, and its effects on some F CNC processes have been studied in Ref. [10] . An O(υ 2 /f 2 ) contribution to the relevant Z-penguin diagrams and the corrected Feynman rules of Ref. [10] are given in Ref. [11] .
From the above discussions, we can see that, although the LHT model does not intro- Fig.4 and Fig.5 . From the discussions given in section 2, we can see that the LHT model contributes to the rare decay processes B → Mνν (M = π, K, ρ, K * ) through the modification of the function X SM which is related to the coefficient C ν L,SM . It is obvious that the branching ratios Br(B → Mνν) (M = π, K, ρ, K * ) contributed by the LHT model are dependent on the free parameters f , x L , the T -odd fermion masses
, and the flavor mixing matrix elements (V H d ) ij . The mixing matrix elements (V Hu ) ij can be determined via
The matrix V H d can be parameterized in terms of three mixing angles and three phases, which can be probed by the F CNC processes in K and B meson systems, as discussed in detail in Refs. [26, 10] . To avoid any additional parameters introduced and to simplify our calculations, we take V H d = V CKM and V † Hu = I, and assume the T -odd fermion masses M Q i H in two scenarios:
Case II: The T -odd fermion masses M Q i H are not degenerate.
Case I is the MF V limit of the LHT model. In this case, the contributions of the Todd fermions to the rare decay processes B → Mνν (M = π, K, ρ, K * ) equal to zero from the unitarity of the matrix V H d . The contributions of the LHT model to these F CNC processes are only coming from the T -even heavy top quark T , which are dependent on two parameters x L and f . The relative functions are given by [10, 11] X SM (x t ) = x t 8
where the parameters x i are defined as
For case II, the contributions of the LHT model to the rare decay processes B → Mνν come from T-even and T-odd sectors. The expression forms of the functions X i , which are related to our calculation, can be written as:
where the functions X SM andX even have been given in Eq. (19) and Eq. (20), respectively, the functionX odd s,d is [10, 11] 
The mass of the T-odd heavy gauge boson W H can be written as
In the context of the LHT model, the branching ratios of the rare decays B → X s,d νν can be written as:
To see the contributions of the LHT model to the rare decays B → X s,d νν, we define the relative correction parameters R s and R d as
For case I, because the contributions of T -odd particles disappear and the contributions of the LHT model to the rare decay processes B → Mνν only come from the T -even smaller than those of the T -even heavy top quark T . For example, for
, and x L ≤ 0.8, the value of the relative correction parameter R s contributed by the T -odd particles is smaller than 5%. Certainly, in this paper, we have taken V H d = V CKM , which is a very limited scenario. In more general scenarios, as discussed in Ref. [10] , the contributions of the T -odd particles can be enhanced. However, in most of the parameter space of the LHT model, the value of the relative correction parameter R s or R d contributed by the T -odd particles is smaller than 10%. It is well known that the SM prediction values for the branching ratios of the rare B decays B → Mνν have large uncertainties. Thus, we have to say that it is very difficult to detect correction effects of the LHT model on the rare B decays B → Mνν in near future high energy collider experiments.
Conclusions
The T C2 model and the LHT model are two kinds of popular new physics models beyond the SM. The new particles predicted by these two new physics models can induce F C couplings to ordinary particles and thus can produce contributions to some F CNC processes. The rare B semileptonic decays with neutrinos in the final state are significantly suppressed in the SM and their long-distance contributions are generally subleading. So these F CNC processes are considered as excellent probes of new physics beyond the SM.
In this paper, we consider the contributions of the T C2 model and the LHT model to the rare B decay processes B → Mνν with M = π, ρ, K, K * and discuss the possibility of constraining the relevant free parameters using the corresponding experimental upper limits. The following conclusions are obtained.
i) The contributions of the T C2 model to these rare decay processes are larger than those from the LHT model. We might use these processes to distinguish different new physics models in future high energy collider experiments.
ii) The contributions of the T C2 model to these rare decay processes mainly come from iii) The contributions of the nonuniversal gauge boson Z ′ to the rare B decays B → V νν are larger than those for the rare B decays B → P νν. The experimental upper limits of the branching ratios for some of these rare decay processes can give constraints on the free parameters of the T C2 model. The most severe constraints on the free parameters of the T C2 model come from the rare B decay B + u → K * + ν τντ , which demands that if we desire M Z ′ = 2 TeV, there must be K 1 ≤ 0.5.
iv)
In general, the contributions of the LHT model to the rare B decays B → Mνν come from two sources: the T -even and T -odd sectors. However, for the case that the T -odd fermions are degenerated in mass, the contributions only come from the T -even heavy top quark T . For f ≥ 1T eV and x L ≤ 0.8, the value of the correction parameter R contributed only by T is smaller than 14.7%. In most of the parameter space of the LHT model, the value of the relative correction parameter R s or R d contributed by the T -odd particles is smaller than 10%.
In this appendix we list the functions which are related to our calculation in the context of the T C2 and LHT models. In the framework of the T C2 model:
with F 1 (x t ) = −(0.5(Q − 1) sin 2 θ w + 0.25)(x
